INTRODUCTION
It is assumed by many population biologists that animals mate randomly. Since 1908 the HardyWeinberg law, which, of course assumes panmixia, has been used by population geneticists, and it has, apparently, served them well. However in the last 10 years it has become evident that many animals do not mate at random (see review by Partridge, 1983) . Very frequently animals mate with their own, rather than with some different type. Such positively assortative mating has been observed in arthropods (Halliburton and Gall, 1981; Johnson, 1982; McLain, 1982; Christy, 1983) , fish (Warner and Harlan, 1982) , many species of amphibians (see review by Arak, 1983) , and birds (Cooke and Davies, 1983) . In all these examples, the assortment is with respect to sizelarge animals mate with large, and small with small.
Often the assortment is with respect to colour (Cooch and Beardmore, 1959; Grant et a!., 1974; Barlow and Rogers, 1978; O'Donald, 1980; Majerus et a!., 1982a; Cooke and Davies, 1983 ), but may involve a variety of characters such as allozymes (Sassaman, 1978) , time of breeding * Present address: School of Biological Sciences, University of East Anglia, Norwich NR4 7TJ.
(O'Donald, 1972), chromosomal inversions (Stalker, 1976) or degree of inbreeding (Wong et a!., 1982) . The idea of non-random mating must be a familiar one, since there is strong positive assortment in our own species with respect to many characters (e.g., physical characteristics- Kiser, 1968; and educational attainment-Spuhler, 1968) .
What is perhaps surprising is that there are so few examples of negative assortment-like mating with unlike (see discussion by Burley, 1983) . The most convincing examples include the work on the scarlet tiger moth (Sheppard, 1952) , white throated sparrows (Lowther, 1961) , and feral pigeons (Murton et a!., 1973; Murton and Westwood, 1977) . In all three species there is a clearly defined visual polymorphism with a simple genetic basis.
Negative assortment may also occur between different laboratory strains of mice (Yanai and McClearn, 1972 , 1973 a, 1973b and of Drosophila melanogaster (Averhoff and Richardson, 1974 -but see van den Berg et aL, 1984 , and Yamazaki eta!., (1976 Yamazaki eta!., ( , 1978 and Lenington (1983) have presented evidence that mice may mate disassortatively with respect to the H-2 and loci. Finally, Bateson (1983) (Butlin et aL, 1982a; Day et a!., 1987) , and also significant differences in the fecundities of individuals (Butlin et aL, 1985) . This report is concerned with a further aspect of reproductionwho mates with whom?
In seaweed flies there is considerable variation in the size of animals, particularly of males, and this is known to be partly genetically determined (Butlin et aL, 1982a) . Flies homokaryotypic for the a chromosome I inversion are substantially larger than 13/3 individuals. af3 flies are intermediate in size. In view of the common finding that animals mate non-randomly with respect to size, we have tested for assortment with respect to size, and with respect to the alcohol dehydrogenase locus (Ad/i) which is known to be associated with the a$ inversion system (Day et aL, 1982) . The results indicate that flies mate assortatively with respect to their size, but disassortatively with respect to the Adh locus and the a/3 inversion. Possible causes and consequences of this nonrandom mating are discussed. MATERIALS 
AND METHODS
The materials and experimental procedures are fully described in the accompanying paper (Day et a!., 1987) .
RESULTS
The technique of studying the progeny of isolated individual females is an exceedingly laborious one.
In consequence, only one of the nine samples yielded data on more than 100 matings. Two questions are being asked: is there a significant male-female interaction, and secondly, is this consistent between samples? In simple terms what we have done is to programme a computer to mate at random a given number of males and females, the only constraint being that the total number of males and females of each genotype should be the same as were actually analysed in practice. This was repeated more than 100 times for each of the nine samples to generate a large number of 5 x 5 tables. This procedure provides an estimate of the random variation in interaction between male and female genotypes, as well as the residual variation due to differences in this interaction between experiments. The male-female interaction and residual variation were also calculated from the actual data, and then compared with the distribution of simulated data. If the actual values lie outside these simulated distributions, we conclude that mating has not been random.
More specifically, we have fitted the observed values to a log-linear model assuming a Poisson error distribution using the Genstat statistical package (copyright owned by Lawes Agricultural Trust, Rothamstead Experimental Station, Harpenden, Herts, U.K.). This method yields the "deviance" as defined by Nelder and Wedderburn (1972) . The significance of these estimates has been assessed by generating randomly fitted contingency tables using the Royal Statistical Society algorithm No. AS 159, and then fitting them to the log-linear model.
The distribution of the results from the random tables, and the actual experimental data are given in fig. 1 . It is clear that the observed male-female genotype interactions is much greater than is expected by chance (p<O.01), whereas the residual variation is within the expected range. We therefore conclude that there is evidence for nonrandom mating with respect to the Ad/i locus, and that this non-randomness is consistent between samples.
This analysis does not provide any information on the nature of the non-randomness. However, since there is no evidence for heterogeneity 
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between samples (at least in this respect), the data can now be pooled to yield sufficiently large numbers for a conventional contingency analysis. Firstly, and as expected, there is a very highly significant overall departure from randomness (2356, p<<O•OO1). In order to identify which matings are deviating most from expectations we have calculated the adjusted residual for each mating (see Haberman, 1973) . Of the 16 matings for which there is a valid test, 5 matings are in significant excess of expectations, and 5 in significant deficiency (see Appendix). We shall discuss the pattern of these deviations in a later section.
Is there non-random mating with respect to the a/J3 inversion polymorphism?
Although we have used alleles at the Adh locus to identify matings, it seems most improbable that this locus is the one determining the non-randomness. The af3 inversion with which the Adh locus is tightly linked (Day et a!., 1982) , is a very large one including approximately one tenth of the total genome. It seems probable that one or more other loci are directly involved. Accordingly we have When we examine the adjusted residual for each type of mating there is a pattern of nonrandomness that leaps to the eye-namely a highly significant shortage of like x like matings. In other words, the flies appear to be mating disassortatively with respect to their inversion karyotype.
Is there non-random mating with respect to size?
In four of the samples each mother and every male available to be a father was measured prior to having its Adh genotype determined. Although we can infer the genotype of the male who fathered the progeny, the actual individual cannot be The overall 2=311 pzO'OO1.
Adjusted residuals (Haberman, 1973) are distributed as the normal deviate, and indicate whether each type of mating departs significantly from expectations based on random mating.
The levels of significance are as follows: NS, p > 005; ', p <0'05; fl', p <001; II. p <0'001.
Upward pointing arrows indicate the observed number was in excess of expectation, and downward pointing arrows, that it was less than expectation.
identified. However, we can calculate the mean size of the males with each genotype. We can then ask if there is any association between the mothers' sizes and the mean sizes of the male genotypes with which they mated.
There are two complications. The animals were collected from natural populations, whose densities were uncontrolled. In consequence, the sizes of individuals differed between samples. In addition there is an association between female size and Adh genotype (Butlin et aL, 1982a There are many possible reasons why mating may appear to be non-random. Firstly, straightforward mechanical constraints on the mating process could generate assortative mating with respect to size. In Coelopa it appears that when a male has mounted a female there is some type of interplay between the male's forelegs and the female's head-possibly her antennae. There must also obviously be interaction of the male and female genitalia. This involvement of structures at the anterior as well as posterior ends of the mating pair could set constraints on the relative sizes of the male and female. It seems likely that only a male of approximately complementary dimensions would be able to inseminate successfully any particular female. This complementarity of sizes has been suggested as the mechanism leading to assortative mating in sand fiddler crabs (Christy, 1983) and in some species of toads (Licht, 1976) .
A second possible cause of non-random mating is a consequence of behaviour that may be totally unconnected with the mating process itself. If there is non-random distribution of animals, either in space or in time, then the animals may not be equally available to mate. In Coelopa large animals eclose later than small ones (Day et aL, 1980) and this might well lead to positive assortment for size. In general, it would seem that this type of explanation would more readily account for positive rather than negative assortment (see Birkhead and Clarkson, 1980; Coulson and Thomas, 1983 ; Thompson and Moule, 1983) . Darwin (1871) was the first to recognise that females often discriminate between the available males. If females (or males) have different preferences then non-random mating is likely to occur, and, depending on the nature of the preferences, there could be positive or negative assortment. A slight variant on the female choice theme is one in which there is a preference for (or against) animals that shared a common developmental history. If, for example, litter-mates can recognise the smell of the nest in which they were reared, and then show a preference to mate with animals carrying a different odour, this would generate disassortment in mating. This type of recognition has been demonstrated in several species of insects (Greenberg, 1979; Grant et al., 1980) , amphibians (Waldman, 1984) , rodents (Davis, 1982; Grau, 1982) and birds (Bateson, 1983) . However, only in Nasonia is it clear that mating behaviour is affected. The point being made here is that preferences may not only be for genetically determined characters, but also for environmentally acquired ones. Both mechanisms could generate nonrandom mating. In our experiments on seaweed flies, the animals in each sample developed in an apparently homogeneous cage of decomposing seaweed, and it seems unlikely that individual animals could acquire distinguishably different components of their environment. If there is some type of female or male choice, it seems more likely that it is discriminating between genetic rather than environmental differences.
Another mechanism much less accessible to experimental manipulation involves differential sperm survival. If the survival or efficiency of sperm varies in different females, the populations may no longer appear panmictic. Such differences in gametic efficiency underlie the phenomenon of self incompatibility in plants ( Lewis, 1979) and may also exist in invertebrates (Hewitt et al., 1986) . We are currently testing for differences in sperm survival in Coelopa.
Finally, if there are differences in post-zygotic survival then with the experimental design we have used with Coelopa, there might appear to be nonrandom mating. We know that homokaryotypes do not survive as well as heterokaryotypes (Collins, 1978; Butlin and Day, 1984) . Consequently, there could be an over-estimation of the number of like x unlike matings. While this type of technical artefact might be contributing to the apparent disassortment, it is most unlikely that it can account for every one of the significant adjusted residuals reported here.
Without further experimental analysis it is not yet possible to identify which of these, or other, mechanisms is responsible for generating the nonrandomness of mating seen in seaweed flies.
Nevertheless, we do not need a knowledge of the cause, in order to comment on the consequences of the observed deviations from randomness. By using the deviations from expectation seen in the pooled data (Appendix), we can predict the genotype frequencies in the next generation. These can then be compared with the frequencies expected on the basis of random mating. The outcome is that, with respect to the Adh locus, there is an excess of heterozygotes of about 3 per cent. With respect to the chromosomal inversion the excess is of the order of 25 per cent. Measurements of heterozygote excess in natural populations in Britain reveal excesses of about 20 per cent (Butlin et a!., 1982b) and in Scandinavian populations of about 25 per cent (Day et aL, 1983) . It therefore seems that non-random mating could contribute, albeit somewhat modestly, towards the distortion from Hardy Weinberg expectations observed in wild populations of seaweed flies. The generation of heterozygote excesses allows us to speculate on the evolutionary raison d'etre of non-random mating. Since heterozygotes are fitter than homozygotes (Collins, 1978; Butlin et a!., 1984) , disassortative mating behaviour should lead to an increased proportion of fitter progeny. We are currently attempting to estimate the consequences of non-random mating, and of differential mating success, fecundity and viability. Together they constitute a cocktail of selective agents acting on this very large fraction of the genome of Coelopa. 
